A SIMPLE reversed phase high performance liquid chromatography method for separation and quantification of tocopherols in edible oils has been developed and validated. In the developed method C18 column was used and a mixture of isopropanol and water was used as mobile phase to achieve baseline separation of all isomers. Tocopherols were separated completely with very good peak resolution in 45 minutes and were detected using diode array detector. No pretreatment of the samples was needed, except dilution in ethanol. The validation measurements showed that the developed method was suitable for quantification of tocopherols in edible oils. 
Introduction
Vegetable oils and fats have wide application in foods where they are used in frying, salad dressing, shortening of pasty, margarine and cooking. Fats and oils and derived products are a major source of tocopherols. Tocopherols are viscous, lipid soluble liquids that consist of a polar chromanol ring and a hydrophobic 16-carbon side chain. The side chain is a saturated isoprenoid group. Tocopherols occur as four natural vitamers: α-, β-, γ-, and δ-tocopherol. The naturally occurring tocopherols and tocotrienols constitute the majority of the vitamin E group of compounds and they are composed of eight vitamers. These are α-, β-, γ-, and δ-tocopherol and their four corresponding unsaturated congeners, namely α-, β-, γ-, and δ-tocotrienols [1] . The α-, β-, γ-, and δ-tocopherols and tocotrienols are differentiated in function by the number and location of methyl substituents in the chroman ring ( Fig.  1 ) [2] . The most important chemical property of tocopherols is their antioxidant activity. The main physiological function of α-tocopherol and other tocols is to delay the progress of a variety of degenerative diseases. In addition to functions related to antioxidant activities, tocols have been shown to regulate cellular signaling and gene expression [3] [4] [5] . Separation and quantification of tocopherols and tocotrienols are of utmost importance for providing food composition and for quality assurance [6] [7] . Quantitative determination of tocopherols is commonly performed by normal or reversed phase HPLC [8] . Normal phase is advantageous for resolving â-and ã-tocopherols which cannot be resolved by RP-HPLC using C18 column. However, normal phase tends to be disadvantageous with respect to column stability, reproducibility of retention times, and time required for equilibration [9] [10] . It is reported that resolution of β-and γ-tocopherols has been possible using other less usual columns (e.g. polymeric C30) that increased hydrophobic interaction between the solutes and the alkyl chain [11] . However, many authors have reported that when C18 columns reversed-phase HPLC is used, separation and quantification of β-and γ-tocopherols is usually not possible, though combinations of solvents have been used in different ratios as mobile phases for elution. Therefore, the tocopherol content in vitamin E was always expressed as α-, β-, γ-, and δ-tocopherol [12] [13] [14] [15] [16] [17] . However, satisfactory separations of individual tocopherol by reversed phase using new sorbent material [18] and using PFP column has been reported recently [19] . Therefore, the goal of this work is the development of simple reversed phase method for complete separation and quantification of all individual tocopherol in edible oils using C18 column. 
Materials and Methods

Chemicals and reagents
Oils samples were obtained from local markets (Cairo, Egypt). One kilogram from each oil was homogenized by shaking and packed in brown glass bottles to prevent light exposure, the bottles were stored at 4 ºC in the dark until analysis. Tert-Butylhydroquinone (TBHQ) was used as an antioxidant and was obtained from Sigma-Aldrich (Steinheim, Germany). Ethanol, hexane and isopropyl alcohol (HPLC grade) were obtained from Merck (Darmstadt, Germany) and ultrapure water was obtained from Millipore (Elix 5) system (USA). Individual stock solutions of α-, β-, γ-, and δ-tocopherol (Sigma-Aldrich) were prepared gravimetrically in ethanol. Aliquots of α-, β-, γ-, and δ-tocopherols stock solutions were combined gravimetrically to prepare standard solutions for calibration.
HPLC system and conditions
The chromatographic analysis was carried out using HPLC Agilent 1100 integrated system equipped with an G1313A automated injector, a G1311A pump, and G1315B multiwavelength diode-array detector (DAD). The chromatographic separation of the compounds was achieved with a reversed phase ZORBAX SB-C18 (3.0 x 250, 5µm), operating at constant room temperature (20 o C). A mixture of 65: 35% (v/v), isopropanol and water was used as eluent and the elution was performed at 0.4 mL/min flow rate and 5 µL injection volume. The chromatographic data was analyzed using Agilent Chemstation Rev. B.02.01-SR1 (260). The compounds under study were identified by their retention time and their UV spectral characteristics.
Fig. 1. Structure of tocopherols and tocotrienols
Sample preparation
Half gram of oil sample was mixed with 10 mL ethanol in a brown flask with a screw cap to avoid excessive exposure to light and air, then flask was shacked for 10 minutes. The extract was filtered using syringe filter, 0.2 µm and the filtrate was then injected into the HPLC system.
Method validation
The analytical method was validated in terms of linearity, precision, recovery, limit of detection (LOD), limit of quantification (LOQ) and the validation was performed according to the harmonized guidelines for single laboratory validation of methods of analysis [20] .
Linearity
A stock solution from β-and γ-tocopherols was used to prepare twelve levels in the range 1-1000 µg/g and 0.5-105 µg/g for β-and γ-tocopherol respectively. The linearity of the detector was tested by injection of 5 µL from each calibration level.
Precision
Repeatability of measurements was examined by analyzing the same sample from corn, peanut and soybean oils five times during the same day. Meanwhile, the reproducibility of measurements was examined by analyzing the same sample from each oil in five different days.
Recovery
The recovery of the α-, β-, γ-, and δ-tocopherols was evaluated by analyses of corn, peanut and soybean oils samples spiked with tocopherol standards at two concentrations ( 2.50 and 50.02 mg/g ). The recovery was calculated from the difference between total measured and naturally occurring concentrations.
Limits of detection and quantification
The limit of detection (LOD) is defined as the smallest amount or concentration of analyte in the test sample that can be reliably distinguished from zero. The limit of quantification (LOQ) is defined as the concentration below which the analytical method cannot operate with an acceptable precision. The limit of detection was calculated from calibration parameters and limit of quantification was considered as three times the limit of detection.
Results and Discussion
Method development
Mixtures of alcohols/water have been widely used as mobile phases for separation of individual tocopherols and tocotrienols by RP chromatography. A research trial was undertaken to find out if an alcohol/water mixture can be used with C18 column to separate and quantify β-and γ-tocopherols in edible oils. The elution power of the selected alcohol/water mixtures is based on the fact power increases with decreasing polarity of the alcohol as well as increasing numbers of atoms in its structure in the sequence: isopropanol > ethanol > methanol [21] . The first separation trial of β-and γ-tocopherols was done using methanol/ water and ethanol/water mixtures in the ratio 90:10 %. No separation of β-and γ-tocopherols with either mixture was observed, as shown in Figure. 2A and 2B respectively. However, when a mixture of isopropanol/water in the same ratio was used, β-and γ-tocopherols started to separate partially as shown in Fig. 2C . Further to that trial, three mixtures of methanol/water, ethanol/water and isopropanol/water, each in the ratio 65:35% were used with C18 for separation of β-and γ-tocopherols. Figure 2D and E show the first two mixtures could partially separate the tocopherol isomers. This means separation is possible with more alcohol in the mobile phase. Complete peak separation of β-and γ-tocopherols with good base line resolution was, interestingly, achieved using the third mixture (isopropanol/water) as shown in Fig. 2 F. Thus, it can be concluded that isopropanol/water in the ratio 65:35% is optimum with C18 for separation of the four tocopherols by RP-LC. These results are in agreement with the alcohol elution power sequence mentioned above. This method was applied for the separation of tocopherols from corn, peanut and soybean oils. Samples from each oil were diluted in ethanol and injected into the HPLC system. The resulting chromatograms are shown in Fig. 3 chromatograms CO RP , PO RP , SO RP . Figure 3 chromatogram CO RP shows α-, β-, γ-, δ -tocopherols were separated as well as α-, β-tocotrienols. Figure 3 chromatograms PO RP and SO RP show α-, β-, γ-, δ-tocopherols were separated, which means the proposed method is suitable for separating four isomers without impacting the isolation of other tocotrienols. Thus, it provides a good solution for its application in food analysis and control. Identification of β-and γ-tocopherols was made by 
Method validation of developed method
Validation is the confirmation by examination and the provision of objective evidence that the particular requirements for a specific intended use are fulfilled. In this study, the following two approaches were used for the determination of the performance of developed method :
• Comparison with standard method • In-house validation based on using reference standards or reference materials for assessment of the factors influencing the result. 
Comparison with standard method
The main requirement of the chromatographic methods is to provide complete separation of the analytes from the interfering matrix without analytes loss or sample deterioration. The developed reversed phase method was evaluated in terms of extraction efficiency, precision, accuracy, recovery and linearity. The performance of developed reversed phase method was compared with well-known standard method ISO 9936 based on separation of tocopherols by normal phase liquid chromatography (Fig.  3 chromatograms CO NP , PO NP , SO NP .). The samples were prepared, separated and quantified by external calibration (Fig. 4) and results of β-and γ-tocopherol are illustrated in Table 1 . The evaluation of the data indicates that the results obtained by both methods were statistically indistinguishable and results obtained by developed reversed phase method were compared with those obtained with normal phase method. Both methods have comparable precision and the results obtained by the two methods were statistically equivalent.
In-house validation of the developed method Linearity
A calibration curves from mixed standard of β-and γ-tocopherol was established from twelve concentration levels. It can be observed that the linearity range for two isomers was wide, which ensures acquisition of reliable data for oils with low and high contents of β-and γ-tocopherol. The correlation coefficient r2 was larger than 0.999 in both cases (Fig.4) .
Precision
Repeatability of measurements was evaluated by injecting the same sample five times during the same day. The coefficients of variation were found 2.1% and 3.2% forβ-and γ-tocopherols, respectively. Reproducibility was determined by analyzing the same sample on five different days. The coefficients of variation were found 3.5 % and 4.7 % for β-and γ-tocopherols, respectively (Table 1) . 
Recovery
The recovery of the developed method was evaluated by the standard addition procedure. A known concentration of â-and ã-tocopherols was added to the sample before extraction. The average recovery values were calculated. The results obtained were 99 % and 101 %, for â-and ã-tocopherols, respectively. The excellent recovery percentages were found for the two isomers, which decreases the chances of losses during extraction and analysis, and guarantees reliability of the proposed method.
Limits of detection and quantification
The limit of detection was calculated as 3.3 times the standard deviation of the intercept of the calibration curve divided by the slope of the calibration curve. The calculated values were 0.72 and 0.46 µg/g, for β-and γ-tocopherol, respectively. The limit of quantification was calculated as three times the limits of detection. They were found 2.16 µg/g for β-tocopherol and 1.38 µg/g for γ-tocopherol respectively.
Conclusion
The C18 columns of reverse phase are the most used since they present advantages such as the use of mobile phases with high percentage of water, therefore, compatible with aqueous matrices, or its fast equilibration when changes of composition in the mobile phase take place. Therefore, the chromatographic system could be used, not only for á-and ã-tocopherols but for other tocopherols. The greater number of chromatographic analyses are carried out with this type of columns. Obviously systems in normal phase can be used, but the change of chromatographic modality takes long time, and normal phase tends to be disadvantageous with respect to column stability, reproducibility of retention times, and time required for equilibration. The developed method was found to be an efficient and easy analytical method for the separation and quantification of tocopherols isomers in edible oils using most commonly HPLC technique. The method validation results showed that linearity, precision, LOD and recovery of the developed method were comparable with analytical methods for quantification of tocopherol isomers in both run time and separation conditions. The developed method is useful for applications in food composition analysis and food quality assurance.
